The histological classification of cerebral neoplasms described by Kernohan and Sayre (1952) remains in popular use, although its value as a prognostic guide is not widely accepted (Russell and Rubinstein, 1977) . In practice this classification is mainly applied to astrocytic and poorly differentiated gliomas, which are placed in four arbitrary grades on the basis of cellularity, pleomorphism of nuclei, mitotic activity, vascular proliferation, and necrosis. Kernohan and Sayre (1952) claimed a good correlation between their grading scheme and the survival time of patients, but further studies have failed to confirm this (Weir, 1973; Sherbet and Lakshmi, 1974; Weir and Grace, 1976) .
Visual grading is a highly subjective process since it largely depends on the observer's assessment of the characteristics of the microscope image that can be accurately discriminated by the human eye, such as shape, size, and distribution of cells in the section. It takes little account of variations in intensity of staining, which are poorly assessed by the human eye, particularly in non-contiguous areas. Accordingly we have attempted to grade astrocytic gliomas by measuring optical density/area profiles by the approach suggested by Bond (1976) with a Quantimet 720 image-analysing computer. We have shown that this apparatus, which can be used objectively, gives reproducible results that appear to give a better indication of prognosis for the patient than visual grading.
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PATIENTS
The series was drawn from 65 adult patients indexed in the records of the Pathology Departments of Dundee Royal Infirmary and Ninewells Hospital, Dundee, between 1967 and as having had cerebral astrocytomas or undifferentiated gliomas. Twenty-one patients were excluded either because they had survived less than two weeks after operation (7), or were lost to follow-up (1), or because the specimen was too small or distorted for Quantimet measurements (13 The Quantimet 720 system we used consists essentially of a microscope with a television camera attached and a densitometer which can be calibrated to make densitometric measurements over a television monitor field of area 5 x 105 picture points. The densitometer module can be programmed to give sequential measurements over a scale of 64 optical density thresholds from 0 (white) to 63 (black). For histological work only the first 32 thresholds (0-31) are needed. The difference between the number of picture points recorded at successive optical density thresholds is the area of the histological field which lies between these thresholds, and the plot of these 31 areas as a histogram represents the optical density/area profile. Multiple fields can be measured in this way and a mean optical density/ area profile calculated and plotted.
The preparatory histological techniques were standardised; 7 ,um sections were cut from paraffinembedded blocks of tissue fixed in 4% neutral buffered formaldehyde and postfixed in formolsublimate; the sections were stained in Mayer's haemalum for five minutes; counterstaining was omitted.
The field measurements were made at ocular magnification x 10 and objective x 40. For each biopsy 20 fields were selected, avoiding areas of necrosis and haemorrhage and non-neoplastic brain tissue, and a mean optical density/area profile was obtained.
A range of optical density profiles was found. In general the histologically less malignant neoplasms contained larger areas stained at lower optical density and smaller areas at higheroptical density: the profiles for the more malignant neoplasms showed a 'shift to the right' (Fig. 1) . To obtain an index of this 'shift' the optical density/area profile of the neoplasms from each of the 44 patients was compared with that from a Kernohan grade 1 astrocytoma (from a child not included in this adult series). The index was obtained by taking the difference in the area of the profiles at the thresholds 6 to 31 between each patient and the standard patient and calculating the square root of the sum of the squared differences. The part of the profile below threshold 6 was discarded because of variability of recordings at low optical densities largely attributable to artefacts in the histological sections.
Results

VISUAL GRADING COMPARED WITH QUANTIMET INDICES
In this series of adult patients no grade 1 gliomas
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Grading of astrocytomas using a Quantimet 720 image-analysing computer were encountered. Five were assigned to grade 2, 20 to grade 3, and 19 to grade 4. Figure 2 shows the relationship between Quantimet indices and the visual grading. Relatively low indices (<20 000) were recorded for all grade 2 astrocytomas, but comparable indices were found for some grade 3 neoplasms. Indices for the remainder of grade 3 fell into the same range as those for grade 4 (20 000-50 000).
SURVIVAL TIME Scrutiny of the mean survival time of patients showed that there were considerable differences between patients given radiotherapy and patients treated by surgery alone (Table 1) . Overall, patients given radiotherapy lived longer irrespective of the grade of tumour (with the exception of the total survival time of patients considered to have Kernohan grade 2 tumours). Accordingly, comparisons between visual assessment and Quantimet measurements were made separately on these two groups of patients. Coefficients of correlation are listed in Table 2 .
Postoperative survival time (a) Patients not receiving radiotherapy Visual grading did not correlate significantly with postoperative survival time. Figure 3 shows that there was little difference in the survival time of patients with grades 3 and 4 neoplasms, apart from one patient with a grade 3 tumour who was still alive five years after operation. The mitotic index, an important part of visual grading, also correlated poorly with postoperative survival time. On the other hand, postoperative survival was significantly correlated Examples of individual patients that were reclassified by Quantimet measurements to give the better correlation with postoperative survival time included: (a) two patients with low indices (10 495 and 9 245) who had been placed in visual grade 3 (Fig. 5) ; these were from the longest surviving patients in this grade since both were alive 54 and 60 months respectively after operation, (b) one patient with an intermediate index of 23 515 who had been placed in visual grade 4, but the survival time of 40 months indicated that the neoplasm was not highly malignant, and (c) one patient with an intermediate index of 19 648 who had been placed in grade 2 (Fig.  6 ) but lived only seven months, suggesting that the neoplasm was not at the bepign end of the spectrum of behaviour.
Total duration of illness
Comparison of the total duration of the illness with the two methods of histological grading gave similar results to those for postoperative survival time, but in all tests except mitotic index correlation was rather closer. Two differences were found in those patients who had not received radiotherapy: (a) visual grading was now significantly correlated, and (b) Quantimet indices over 15 000 now showed a significant correla- Comparison of visual grading with Quantimet indices showed that there were considerable differences, suggesting that the two methods were assessing different histological characteristics. Although there was some agreement about the selection of the less malignant neoplasms, the Quantimet apparently would place more into this group; there was no agreement about the ranking of the more highly malignant neoplasms.
In our hands, visual assessment was only moderately successful in separating the less malignant from the more highly malignant gliomas and was of no value for individual prognosis at the more common highly malignant end of the spectrum. This finding is supported by several previous studies which have shown that, in practice, surgical specimens of astrocytomas cannot usefully be separated into four grades described by Kernohan and Sayre (1952) , and particularly that their grades 3 and 4 do not relate to survival time (Weir, 1973; Sherbet and Lakshmi, 1974; Stage and Stein, 1974; Weir and Grace, 1976) .
By contrast, the Quantimet index derived from the optical density/area profile of neoplasms correlated well with the patients' survival time, and successfully ranked the gliomas. Correlation was sufficiently close to suggest that the Quantimet index could be used to give a reasonably accurate prognosis for the individual patient, which is not feasible by visual grading. Review of those neoplasms placed in too high a visual grade and apparently more correctly graded by the Quantimet suggested that too much weight had been placed on easily observed visual features such as pleomorphism of nuclei, giant and multinucleate cells, and mitotic figures. The improved prediction obtained from optical density/area profile measurements indicated that more emphasis should have been put on cellularity (that is, the number of nuclei in a field relative to the internuclear material), a feature which is difficult to assess visually without point-counting. As previously reported by Frankel and German (1958) , mitotic activity was of little predictive value, yet this is a feature to which pathologists traditionally give much importance. The 15 patients in this series selected for radiotherapy were generally those without severe neurological deficit after operation and were on average younger and more often had received radical surgery than the remainder. Therefore no definite conclusions can be reached about the effects of radiotherapy, but ranking of these patients' tumours by Quantimet indices was consistent with the view that radiotherapy prolongs the survival time of patients with malignant gliomas (Frankel and German, 1958; Bouchard and Peirce, 1960; Roth and Elvidge, 1960; Bloor et al., 1962; Taveras et al., 1962; Weir, 1973) . The Quantimet indices showed this rather more convincingly than visual grading, and in a larger series Quantimet ranking would certainly add precision to a study of the effects of radiotherapy on gliomas. At present, the value of radiotherapy for the less malignant astrocytomas is uncertain (Moss et al., 1973) 
but it
is not yet known whether these neoplasms are unresponsive, or whether the inaccuracy of traditional histological grading methods has prevented adequate analysis of results of treatment.
One difficulty inherent in grading surgical biopsies of astrocytomas is sampling error (Russell and Rubinstein, 1977) . It is well known that some astrocytomas show major structural differences from area to area, and this was certainly encountered in our series. However, we seem to have overcome this difficulty by selecting areas that in histological terms appear most malignant, although we recognise that anomalous results may be obtained from very small biopsies. For example, one small non-homogeneous biopsy was placed in visual grade 3 on the basis of the worst fields seen, but the Quantimet index was falsely low at 4668 since the total course of the patient's illness was nine months and postoperative sutvival one month (Fig. 4) ; this Quantimet error was due to a majority of the measurements being derived from tumour of relatively benign histological appearance. Overall our study suggests that the importance of sampling error has been overemphasised and that this is outweighed by the advantages of Quantimet measurement. These advantages include objectivity, which makes assessment less variable from day to day and less dependent on the experience of the pathologist, and sensitivity, which allows measurement over a wide scale, thus avoiding the perplexing problem of the neoplasm which is on the borderline between two visual grades.
